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Monday, February 27, 2012 337aare millimolar divalent cations present in the extracellular milieu, it is likely
that most extracellular ATP released from synaptic vesicles is chelated by di-
valent. We found that some subtypes of P2X receptors can be activated by
both free and divalent-bound ATP, while others can only be efficiently acti-
vated by free ATP. This subtype specific activation by different forms of
ATP parallels the pharmacological sensitivity to other agonists and antagonists,
pointing to the existence of two distinct classes of ligand binding pockets. We
are currently examining which forms of ATP activate heteromeric P2X recep-
tor channels formed by subunits with different sensitivity to divalent-bound
ATP.
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Our laboratory has presented evidence for P2x7 receptors (P2x7R) in isolated
terminals of the neurohypophysis (NH) (Cuadra et al., 2010, Biophys. J.97:
1474). In this study we further examined P2x7R immunoreactivity (IR) and
function. A stereo-specific ecto-P2x7R antibody was used for IR studies
(Kim el al., 2001, JBC, 276:23262) in the rat HNS: supraoptic nucleus
(SON), paraventricular nucleus (PVN) and NH. We found limited P2x7R
IR in the SON and the PVN, which was absent from the somata of OT-
and AVP-neurons. P2x7R IR was co-localized in some cell bodies containing
the glial specific marker, GFAP. In contrast, P2x7R IR was abundantly seen
on the membrane of NH terminals (NHT), with dense IR in terminals lining
the capillary borders. This was confirmed in isolated NHT that showed IR
puncta on the membranes of both AVP- and OT-containing terminals. Initial
results using ratiometric calcium imaging with Fura-2 in isolated NHT
showed differential [Ca2þ]iresponses to 100 mM vs. 1 mM ATP; some
NHT responded to both doses while others responded only to 1 mM ATP.
A similar distribution in response was observed with ATP generated ion cur-
rents during patch clamp recordings. NHT responded with either high sensi-
tivity (HS) or low sensitivity (LS) to ATP. The HS group corresponded to
AVP-NHT, which is reported to express P2x2R, P2x3R, P2x4R and P2x7R
(Knott et al., 2005, Pfluger Arch, 405:381). In contrast, the LS group corre-
sponded to OT-NHT, which is consistent with a P2x7R response. Together
these data suggest that in the HNS P2x7R is expressed chiefly in the AVP-
and OT-secreting terminals of magnocellular neurons. (Supported by NIH
grant NS29470 to JRL)
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Understanding the Kinetics of ATP-Activated P2X2A and P2X2B Recep-
tor Channels using a Markov State Model
Anmar Khadra1,2.
1National Institutes of Health, Bethesda, MD, USA, 2McGill University,
Montreal, QC, Canada.
ATP-gated P2X2 receptors exhibit two opposite activation-dependent changes
during sustained agonist application, pore dilation and pore closing (desensiti-
zation), through a process that is incompletely understood. To address this is-
sue and to clarify the roles of Ca2þ and the C-terminal domain in gating, we
combined biophysical and mathematical approaches using the full size recep-
tor (labeled P2X2aR) and the splice form missing 69 residues in the C-terminal
domain (labeled the P2X2bR). Both forms of the receptor developed conduc-
tivity for large organic cations within 2-6 s of ATP application and desensi-
tized in a Ca2þ influx-dependent manner, whereas P2X2bR also desensitized
in a Ca2þ influx-independent manner. In whole-cell recording with broken
membranes, we also observed use-dependent facilitation of desensitization, re-
flecting the altered Ca2þ handling by cells. Such behavior was accounted for
by a Markov state kinetic model with 12 states describing the ATP binding/un-
binding and activation/desensitization. The model assumes that naı¨ve recep-
tors open when two ATP molecules bind and slowly dilates to a higher
conductance state when a third ATP binds, generating a shift to less negative
reversal potential observed experimentally in organic cation-containing me-
dium. The use-dependent desensitization is modeled by a Ca2þ-dependent
toggle switch, whereas the P2X2bR model also exhibits fast Ca2þ-independent
desensitization. The model is extended to include memory to previous
stimulations that not only explained the decrease in the slope of the IV-
curves during 80 to þ80 voltage ramps delivered twice per second, but
also captured the effect of ATP stimulation when cells were held at positive
holding potential.1712-Pos Board B482
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P2X7 receptors (P2X7Rs) are nonselective cation channels that are opened by
the binding of extracellular ATP and are involved in the modulation of epithe-
lial secretion, inflammation and nociception. Here, we investigated the effect
of extracellular anions on channel gating and permeation of human P2X7Rs
(hP2X7Rs) expressed in Xenopus laevis oocytes. Two-microelectrode volt-
age-clamp recordings showed that ATP-induced hP2X7R-mediated currents
increased when extracellular chloride was substituted by the organic anions
glutamate or aspartate and decreased when chloride was replaced by the inor-
ganic anions nitrate, sulfate or iodide. ATP concentration-response compari-
sons revealed that substitution of chloride by glutamate decreased agonist
efficacy, while substitution by iodide increased agonist efficacy at high
ATP concentrations. Meanwhile, the ATP potency remained unchanged. Ac-
tivation of the hP2X7R at low ATP concentrations via the high-affinity ATP
effector site was not affected by the replacement of chloride by glutamate or
iodide. To analyze the anion effect on the hP2X7R at the single-molecule
level, we performed single-channel current measurements using the patch-
clamp technique in the outside-out configuration. Chloride substitution did
not affect the single-channel conductance, but the probability that the
P2X7R channel was open increased when chloride was replaced by glutamate
and decreased when chloride was replaced by iodide. This effect was due to
an influence of the anions on the mean closed times of the hP2X7R channel.
We conclude that hP2X7R channels are not anion-permeable in physiological
Naþ-based media and that external anions allosterically affect ion channel
opening in the fully ATP4--liganded P2X7R through an extracellular anion
binding site.
This work was supported by Deutsche Forschungsgemeinschaft Grants
Ma1581/15-1 (to F.M.) and Schm536/9-1 (to G. S.) and by the Medical Faculty
of the Martin-Luther-University Roux Program Grant 22/18 (to F. M.).1713-Pos Board B483
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Liam E. Browne, Vincent Compan, Laricia Bragg, R. Alan North.
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The selectivity of ion channels is generally considered to be fixed. The ATP-
gated P2X7 receptor is unusual in that its activation leads to a progressive
increase in the permeation of large cations during several seconds (e.g.
YO-PRO-1). However, controversy remains whether these large molecules
directly permeate the P2X7 receptor pore or use some coupled transport mech-
anism. In HEK293 cells expressing the rP2X7 receptor, simultaneous mea-
surement of ionic current and YO-PRO-1 influx showed they both increased
concomitantly with the application of ATP. At positive potentials YO-PRO-
1 influx was much reduced, implying that movement of this large cation
(1.8 x 0.8 x 0.7 nm) is influenced by the membrane electric field in a manner
similar to smaller cations. Increasing the positivity in the pore of the P2X7
receptor significantly enhanced chloride permeability (D352N and T348K;
PCl/PNa increased 10-fold compared to WT). The selective permeability of
large molecules was then measured using two ions of similar size and
structure, bearing either a positive or a negative net charge: both the cation
(ethidium: 1.2 x 1.0 x 0.5 nm) and the anion (FITC: 1.3 x 1.1 x 0.7 nm)
were simultaneously detected by intracellular fluorescence. Introduction of
a positive charge in the pore (T348K) or removal of a negative charge
(D352N) increased the influx of the anion FITC, and decreased the influx of
the cation ethidium. These effects parallel the findings of chloride permeabil-
ity, demonstrating that by increasing the positivity in the pore of the P2X7 re-
ceptor the permeation pathway is more energetically favourable for anions,
whether they are small or large. This implies that large molecules directly
permeate the P2X7 receptor pore and any model of channel opening should
accommodate a pore diameter >1 nm.1714-Pos Board B484
The Gating Mechanism of a P2X4 Receptor: Normal Mode Analysis and
Molecular Dynamics Simulations
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P2X4 receptors are trimeric ATP-gated non-selective cation channels which
play crucial roles in various physiological processes. It remains unclear how
ATP binding triggers channel opening. Here, we propose a gating mechanism
338a Monday, February 27, 2012of a P2X4 receptor based on normal mode analysis and molecular dynamics
(MD) simulations. Starting with the first available P2X4 crystal structure in
the resting state, a normal mode that couples the motions of three b strands
(b1, b13 and b14) at the trimeric interface of the ligand binding domain
(LBD) and the motion of the pore-forming helix (TM2) of the transmembrane
domain (TMD) was identified. The resulting widening of the fenestrations
above the TMD and the opening of the TMD pore are in close agreement
with observed signatures of channel activation. Four charged residues impli-
cated in ATP binding are located in b1, b13 and b14. P2X4 activation was fur-
ther investigated by MD simulations in explicit water. ATP was placed near
the putative binding site in two opposite orientations, with the adenine either
promixal or distal to the TMD. In simulations with proximal adenine, the ad-
enine ring inserted between b1 and b13 and the phosphate group moved down-
ward. At the same time b1 and b14 approached each other to close in on the
ATP, allowing close interactions with the four charged residues. The motions
of these b strands are similar to those in the normal mode putatively represent-
ing channel activation. In simulations with distal adenine, the ATP hindered
the closure between b1 and b14, perhaps representing a desensitized state.
Our computational studies produced the first complete model, supported by
electrophysiological data, for how ATP binding leads to P2X4 channel activa-
tion. The detailed gating mechanism will be essential for the rational drug
design.
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Elevation of intracellular Ca2þ regulate sperm motility, chemotaxis, capacita-
tion and the acrosome reaction, and play a vital role in the ability of the sperm
cell to reach and fertilize the egg. In mammalian spermatozoa, the flagellar pH-
dependent Ca2þ channel CatSper is the main pathway for calcium entry as
measured by the whole-cell patch clamp technique. Mouse CatSper channel
is activated by alkaline intracellular pH, but human CatSper requires also a li-
gand. By applying the patch-clamp technique to mature human spermatozoa,
we found that nanomolar concentrations of female hormone progesterone acti-
vate CatSper and this action explains the mechanism of non-genomic action of
progesterone on human sperm cells. Progesterone is released by cumulus cells
surrounding the oocyte and serves as a chemoattractant for human
spermatozoa.
Interestingly, human CatSper can be further potentiated by prostaglandins, but
apparently through a binding site other than that of progesterone. Behavior of
CatSper channel gradually changes during spermiogenesis with CatSper chan-
nel being fully operational only in mature spermatozoa. Physiological regula-
tion of CatSper channel by different components of seminal plasma as well
as hormones of female reproductive tract will be discussed.
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The tetrameric voltage gated sodium channel NaChBac from Bacillus
halodurans was studied by conventional patch clamp techniques in synthetic
lipid liposomes composed of dioleoyl phosphatidylcholine, and by a.c. imped-
ance spectroscopy within a family of synthetic tethered palmitoleic phytanyl
phosphatidylcholine tethered membranes. By patch clamp techniques the sin-
gle channel conduction was found to be 11pS 5 1pS in agreement with pub-
lished values. The same protein when incorporated into tethered membranes
from Cymal-5 detergent micelles at concentrations of up to 100 nM NaChBac
showed levels of conduction up to ~0.4mS/cm2. Electrode areas of 2 mm2
yielded easily read resistances of ~250 kU. The single channel measurements
showed a symmetrical conduction with bias potential suggesting an equal like-
lihood of the NaChbac incorporation in either orientation. In the tethered
membranes, however, the orientation dependence and thus voltage dependence
may be controlled by the tethered membrane composition. The results
for a number of tethered membrane constructs will be presented in which
the tether density and spacer lengths are varied. The effects of these variations
on the observed results will be discussed and examples given of using
tethered membranes to measure Mibefradil and other ligand (drug) binding
to NaChBac.1717-Pos Board B487
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Using a combination of electrophysiology and spectroscopic approaches we
have recently shown that CorA acts as a Mg2þ-gated Mg2þ-selective channel.
NiEddA/O2 accessibility together with intersubunit distances were measured in
two conditions: 1) SaturatingMg2þ, which stabilizesCorA in the closed confor-
mation and 2) The nominal absence of divalent ions, which stabilizes the open
state. Here, we use a computational approach for incorporating both solvent ac-
cessibility data and distance constraints through restrained molecular dynamics
(MD) simulations using CorA in a closed conformation as the starting structure.
The accessibility restraints were enforced through interactions between a pseu-
doatom representation of the spin-label and environmental probe-surrounding
particles. Intersubunit Cb-Cb distances estimated from DEER experiments, to-
gether with the accessibility data were used to generate hundreds of models by
varying the upper and lower bound of distance constraints and increasing the
number of MD refining cycles. The top 25 models show structural convergence
especially around the stalk and inner helices, where the EPR restraints were im-
posed. After a second round of refinement, the stability of the top ranked struc-
ture was evaluated by an all-atom MD simulation in a fully hydrated
phospholipid bilayer. After 2ns of the simulation, the RMSD of the stalk and in-
ner helices is stable around 4-5A˚. Based on the pore-radius profile, the perme-
ation pathway has dilated enough to allow a hydrated Mg2þ, as expected if
this conformation is conductive. A linear interpolation between the closed and
open conformations suggests a gating mechanism for CorA, where the tips of
the stalk helix come together like the ribs of an umbrella.After a kink, thismotion
translates into an expansion of the cavity and themouth of the pore opens upwith
a motion reminiscent of an iris of a camera.Cardiac Electrophysiology I
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Background- Inflammation is being widely recognised as a key component of
heart disease. Several pro-inflammatory cytokines have been shown to mediate
heart failure and cardiac remodelling. High levels of cytokines have been re-
ported in patients suffering from arrhythmias suggesting they might be impli-
cated in rhythm disturbances and electrical remodelling. Of these cytokines is
interleukin-1b (IL-1b), one of the earliest and main cytokines induced via the
inflammatory response. The specific role it plays in modulating cardiac ion
channels is largely unknown.
Objective- The L-type calcium current (ICaL) plays a critical role in electrical
and contractile properties of the heart, therefore, the purpose of this study was
to determine the effect of a chronic IL-1b exposure on ICaL density, its under-
lying a-subunit CaV1.2 and the mechanisms potentially involved.
Methods & Results- The patch-clamp experiments revealed that the ICaL den-
sity (pA/pF)was decreased by 36%after a 24H-treatment of IL-1b at pathophys-
iological concentration (30pg/mL) in cultured neonatal ventricular myocytes
compared to controls (at 0 mV, CTL: 6.250.5, n=17 and, IL-1b:
4.050.5, n=19, p<0.05). The qPCR experiments revealed no differences in
CaV1.2 mRNA expression. Confocal imaging showed a significant increase of
ROS levels in IL-1b-treated myocytes, however antioxidant treaments failed
to restore ICaL density. Conversely, the PKC inhibitor chelerythrine rescued
ICaL (at 0 mV, CTL: 5.650.5, n=10 and, IL-1bþChelerythrine: 6.250.7,
n=14, p<0.05). The implication of PKC was further demonstrated by using
the PKC activator PMA which decreased ICaL similarly to IL-1b treatment.
Conclusion- Overall, this study shows that a pathologically relevant concentra-
tion of IL-1b significantly decreases the density of ICaL in cardiomyocytes
without affecting CaV1.2 expression. The data suggests that IL-1b mediates
its effect via PKC activation.
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Amylin amyloid deposition is generally considered a pancreatic disorder and
a hallmark of type-2 diabetes. Recently, amylin amyloids were also found in
